a stoichiometric quantity of each strand in a physiological 1× TAE/Mg 2+ buffer [40 mM Tris base, 20 mM Acetic acid, 1 mM EDTA (pH 8.0), and 12.5 mM magnesium acetate] for each structure. We used the 1-step conventional free solution annealing method for DNA nanostructures and the 2-step annealing method for PNA-DNA hybrid DNA nanostructures. For the 2-step, the first step involved hightemperature annealing of equimolar mixtures of strands of DX-1 and DX-2 tiles of 400 nM tile concentration, each in two different 25 AXYGEN test tubes. They were cooled slowly from 95°C to 25°C by placing AXYGEN tubes in a Styrofoam box containing 2 L of boiled water for at least 24 hours to facilitate hybridization. The second step involved low-temperature annealing, with the same volume of DX-1 and DX-2 tiles. Each tile concentration became 200 nM; they were cooled slowly from 40°C to 25°C by placing an AXYGEN tube in a Styrofoam box containing 2 L of boiled water (initial temperature, 40°C) for 24 hours to assemble PNA-DNA hybrid nanostructures. The second step of the annealing process prevented PNA aggregation.
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Pretreatment of glass substrates. The 5 × 5 mm 2 glass substrate was cleansed with piranha solution (1:2 ratios of H 2 O 2 and H 2 SO 4 ) for 30 min., followed by rinsing with deionized (DI) water. The cleaned substrates were immersed into a Petri dish filled with DI water for a few hours before use.
35 PNA-DNA hybrid nanostructure growth on a substrate (mica or glass). Synthetic oligonucleotides, purified by high performance liquid chromatography (HPLC), were formed by mixing 1× TAE/Mg 2+ buffer solution, containing an equimolar mixture of 6 for 5HR and 8 different strands for DX. For annealing, a substrate and DNA and PNA strands were inserted into an AXYGEN-tube with total sample volume of 250 µL at a proper concentration. The tube was then placed in a Styrofoam box with 2 L of boiled water and cooled slowly from 95°C to 25°C over a period of at least 24 hours to facilitate hybridization. During the annealing process, DX(5HR) strands 40 formed PNA-DNA hybrid lattices(ribbons) on the substrate. Consequently, these PNA-DNA hybrid structures covered the mica surface completely when the monomer concentration was over 20 nM.
AFM imaging.
For AFM imaging, a surface assisted grown DNA sample was placed on a metal puck using instant glue. Then, 30 µL of 1× TAE/Mg 2+ buffer was pipetted onto the substrate and another 10 µL of 1× TAE/Mg 2+ buffer was dispensed into the AFM tip (Veeco Fig. S1 Schematic diagram of unit 5HR DNA strands. 
